In an effective theory containing only quark degrees of freedom, such as the extended Nambu-Jona-Lasinio model, the influence of the axial anomaly can be incorporated by a self-interaction of the 't Hooft determinant type. I will show that this leads to a significant suppression of the η ′ coupling g η ′ qq to dynamical quarks which suggests a suppression of the η ′ NN vertex as compared to the ηNN vertex. The recent experimental efforts in η ′ electro-and photo-production in facilities like ELSA, JLAB, DAΦNE, and GRAAL [1] as well the recent close to threshold pp → ppη ′ production results of have increased the interest in η ′ interaction properties. So far, only little is known about the η ′ NN vertex, both theoretically and experimentally. In effective meson theories the vertex is parametrized through a single coupling constant g η ′ NN (2 ≤ g η ′ NN ≤ 6, see e.g. Ref.
The recent experimental efforts in η ′ electro-and photo-production in facilities like ELSA, JLAB, DAΦNE, and GRAAL [1] as well the recent close to threshold pp → ppη ′ production results of COSY-11 [2] have increased the interest in η ′ interaction properties. So far, only little is known about the η ′ NN vertex, both theoretically and experimentally. In effective meson theories the vertex is parametrized through a single coupling constant g η ′ NN (2 ≤ g η ′ NN ≤ 6, see e.g. Ref. [3] ) rather than predicted from an underlying dynamics.
As is well-known, the η ′ meson differs significantly in its mass from the pseudoscalar octet mesons (π, K, η). This comes about, since the η ′ is predominantly a flavor-singlet, and the axial anomaly of QCD breaks the axial U(1) symmetry, preventing the η ′ from being a pseudo-Goldstone boson unlike its octet counterparts. Does the axial anomaly also influence other properties of the η ′ , e.g. its interaction behavior related to the η ′ NN vertex? Presently, a calculation of η ′ properties is only feasible within specific models. A model that has proven both, tractable and phenomenologically successful in describing properties of low-lying mesons is the three flavor extended Nambu-Jona-Lasinio (ENJL) model (see e.g. Refs. [4] [5] [6] for a review),
The four-fermion self-interaction in Eq. (1) is chosen to respect the formal U(N f ) L × U(N f ) R flavor symmetry of massless QCD. The effect of the axial anomaly may be modeled by an additional local six-fermion self-interaction of the 't Hooft determinant type [7] ,
which explicitly breaks the anomalous axial U(1) A /Z N f symmetry while preserving chiral symmetry.
The model shows spontaneous chiral symmetry breaking even in mean field approximation and fulfills the well-known low energy theorems such as the Goldberger-Treiman and Gell-Mann-Oaks-Renner relation. It has been successfully applied not only to π and K mesons, but also to η properties such as η → γγ, η → γl + l − , or η → π 0 γγ decay rates [8] . So far, the ENJL model has rarely been applied to the η ′ meson. Using realistic parameters the lack of confinement will cause the η ′ to lie above thethreshold. This results in unphysical decay modes η ′ → qq. The main assumption of this letter is that despite this shortcoming, the ENJL can still be used to reproduce the gross features of the η ′ meson reasonably well. Rather than a detailed quantitative description, my main concern is a qualitative discussion of the axial anomaly induced effects for the η ′ meson interactions.
The five parameters (Λ, G 4 , G 6 , m u = m d , m s ) are fitted to reproduce the flavoraveraged pion and kaon masses, m π = 139 MeV and m K = 495 MeV. The light quark condensate is also forced to its physical value, uu = dd = −(247.8 MeV) 3 , and the sharp Euclidean cut-off is taken to be Λ = 900 MeV in accordance with Ref. [4] . Even though t-channel interactions are properly taken into account by Fierz-symmetrizing L, mixing with axial-vector channels is neglected for simplicity. This results in slightly too high a value for the pion decay constant, F π = 105 MeV. The coupling constant G 6 of the U(1) Abreaking 't Hooft interaction is then fitted to reproduce the η ′ and η masses appropriately. Since the η ′ will lie in the continuum for physical parameter choices, care is needed to identify the pole on the second Riemann sheet reasonably well. Here, the real part has been chosen to pin down the η ′ mass. A detailed investigation of other prescriptions [9, 10] such as the spectral density method is deferred to a later publication.
A best fit was obtained for a value G 6 = 45.Λ −5 = 76.2 GeV −5 of the 't Hooft coupling, resulting in a four-fermion coupling G 4 = 17.6Λ −2 = 21.7 GeV −2 .
Bare and dynamical u-quark masses are m u = 7 MeV and M u = 364 MeV, s-quark masses for this parameters are m s = 169 MeV and M s = 561 MeV, respectively. The heavy vs. light quark mass ratio m s /m u = 24 is reproduced nicely. The η ′ mass is close to its physical value, m η ′ = 969 MeV but somewhat above the natural threshold 2M u , while the η mass is slightly too low, m η = 484 MeV. Due to the RPA approximation required in solving the BetheSalpeter equation for quark-antiquark scattering, η and η ′ mesons are no longer exact eigenstates of an underlying Hermitian Hamiltonian and will no longer be completely orthogonal (see also Ref. [8] ). Therefore one has to introduce separate mixing angles for η and η ′ , viz.
where V η and V η ′ denote the meson-quark vertices close the poles, e.g.
In the best fit, the mixing angles are determined to be θ η = −11.3
• and θ η ′ = −22.4
• , both lying in an acceptable range.
The main result of this letter is the determination of meson-quark couplings displayed in Tab. . The η ′coupling g η ′is obviously suppressed by more than a factor of two compared to g ηqq in the presence of an anomalous U(1) Abreaking. This is demonstrated graphically in Fig. 1 (a) , where the dependence of g ηqq and g η ′on the 't Hooft coupling G 6 is shown. While the ηqq coupling stays essentially constant, the η ′coupling decreases with increasing η ′ mass, cf. Fig. 1 (b) , where m π , m K , uu , and Λ are kept constant. However, quite some imaginary part is obtained in g η ′which reflects the unphysical decay mode η ′ → qq. At first glance, this casts some doubts about the reliability of ENJL model predictions for the η ′ meson. To check, whether the observed suppression is physically sensible or rather a threshold artifact, I investigated a chirally symmetric version of the model with a dynamical quark mass of 407 MeV. Here a wide η ′ mass range of about 800 MeV can be covered without encountering threshold effects. The results shown in Fig. 2 conclusively support the singlet (g sgl,qq ) suppression compared to the (constant) octet coupling. A threshold artifact thus seems to be ruled out.
The suppression is important for the physically observable η ′ NN vertex, which may be calculated within the ENJL model to leading order as shown in Fig. 3 . The nucleon can be described by solving the relativistic Faddeev equations in the quark-diquark picture with a quark-exchange interaction, following the approaches of Refs. [11] [12] [13] [14] [15] . An even simpler approximation consists in the static approximation [16] [17] [18] , i.e. assuming the exchanged quark to be in- Table 1 Pseudo-scalar meson-quark coupling constants in the ENJL model for the best fit parameters specified in the main text in dependence of the 't Hooft coupling G 6 . The imaginary part of g η ′is due to the unphysical decay into a qq-pair, which is possible above threshold. In the real part of g η ′a suppression is seen relative to the non-singlet mesons. (Data taken from Ref. [18] .) finitely heavy. Since the nucleon-quark-diquark vertices are not sensitive neither to the 't Hooft interaction nor to the meson channel, the ratio of η ′ NN and ηNN vertices is in leading order determined by the ratio of meson-quark couplings,
cos
It is promising to see that this suppression seems to be confirmed by experiment, cf. the recent COSY-11 results [2] , which indicate a suppression of the η ′ production in the close to threshold pp → ppη ′ reaction compared to the analogous η and π 0 meson productions. Since the N * (1535) resonance mechanism, contributing significantly to the η but not to the η ′ production is not included in our simple model analysis, a direct comparison of η and η ′ production rates with experimental data appears somewhat questionable. Nevertheless, a comparison of η ′ vs. π 0 productions is still reasonable and of similar magnitude,
We have to be aware that the observed η ′ suppression a priori depends crucially on our model choice. It is therefore essential to discuss, in how far this is believed to hold in QCD as well. To this end, note that the origin of the g η ′suppression in the ENJL model is a destructive interference between the attractive part of the standard four-fermion interaction in Eq. (1) and the (in the flavor-singlet channel) repulsive 't Hooft interaction (2), as can be seen from the Fierz-symmetrized effective four-fermion coupling
bearing in mind that the quark condensates are negative. In the octet sector in contrast, the 't Hooft interaction acts attractive, e.g.
conspiring with the four-fermion interaction to fulfill Goldstone's theorem in the chiral limit. 3 A destructive interference mechanism, however, strongly supports the model independence of my conclusions, since in any description of the pseudo-scalar meson sector the axial anomaly will contribute repulsively in the singlet (≈ η ′ ) channel to account for the η ′ mass, while an attractive part is most likely present and responsible for the binding of the flavor-octet pseudo-Goldstone bosons and essentially compensates the large constituent quark masses. A more delicate issue is the derivation of the η ′ NN vertex based on the η ′vertex. Once other than scalar diquarks are included, additional diagrams than that shown in Fig. 3 have to be included, where e.g. the η ′ is attached to the diquark rather than to the quark. An analysis of these contributions, including also the direct contribution of the full six-fermion interaction in the η ′ N system, is deferred to a later publication.
